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The iodine value and melting point are closely related, the one rising as the other falls.
The specific gravity seems to follow the iodine value while the saponification value varies as the melting point.
Credit is here given Mr. J. 0. Halverson for the determination of part of the iodine and saponification values and melting points. I n 1892 there was worked out in the chemical laboratory of this station a method for the determination of casein in cow's milk.? This method, after careful trial by the Association of Official Agricultural chemists, was adopted as " official. " 9 It was realized that the method was adapted only for use in u-ell-equipped laboratories and in the hands of trained chemists. Unsuccessful efforts were made at different times to devise a simple, direct volumetric method, requiring less apparatus, time, manipulation and skill. Several attempts have been made by others to find such a method, among which we mention the following: ( I ) Estimation of casein, a preliminary s t~d y .~ (2) Quantitative estimation of casein.' (3) A new method for the determination of caseine These and other proposed methods are open to several practical objections.
I n making a study of the accuracy of the results given by the method of Illatthaiopoulos, it was found that a reconstruction of its details could easily be utilized in devising a method of equal accuracy but of much greater simplicity and rapidity.
The method which has been thus worked out is, in brief, as follows: A given amount of milk, diluted with water, is made neutral to phenolphthalein by addition of a solution of sodium hydroxid. The casein is then completely precipitated by addition of standardized acetic acid ; the volume of the mixture is made up to 2 0 0 cc. by addition 1 Presented in abstract at the meeting of the American Chemical 2 J . Am of water and then filtered. Into IOO cc. of the filtrate a standardized solution of sodium hydroxid is run until neutral to phenolphthalein. From the difference between the amount of acid and the amount of alkali used, a simple calculation enables one to determine the percentage of casein in the milk examined.
This method is based upon the following wellknown facts: ( I ) Uncombined casein is insoluble in milk-serum, or water, or very dilute acids.' ( 2 ) It is acid in properties and combines with alkalis to form definite chemical compounds, which are neutral to phenolphthalein.
Of the total amount of acid used in the process of precipitating casein, a portion is taken to set casein free from combination, thus forming a soluble neutral salt and an insoluble compound (free casein) possessing the properties of an acid ; and, on filtration, this amount of acid, as free casein, is removed from the mixture. The balance of the acid used in the process is accounted for in the filtrate on titration with alkali. Therefore, the difference between the total amount of acid used and that accounted for in the filtrate by titration with alkali represents the amount of acid corresponding to the casein present in the milk examined.
Since one gram of free casein neutralizes 8.8378 cc. of tenth-normal sodium hydroxide (or I cc. of tenth-normal sodium ,hydroxide equals 0. I 13 I j gram of casein),2 we have a definite basis for estimating the amount of casein in any given case, when we know the amount of alkali i t neutralizes.
DESCRIPTION OF METHOD.
(I) Measurifig and Dzlutzng Sample of M d k .
The milk to be examined is well mixed and 20 cc. run into a 2 0 0 cc. flask, to which is added about 80 cc. of water.
(2) Neutralizing the Milk. Add I cc. of phenolphthalein solution to the diluted milk and then run into it a solution of a sodium hydroxid until a faintly, but distinctly, pinkish shade of color remains through the mixture even after considerable agitation. Any marked excess of alkali should be avoided.
( a ) Preparutzon of a Color-standard.-More uniform and satisfactory results can be obtained in this step of the process by preparing a color-standard for comparison. Our method of accomplishing this is as follows: about 20 cc. of fresh skim-milk and 80 cc. of water are put into a 2 0 0 cc. flask and a small amount of mercuric chlorid added. A few drops of ordinary carmine ink are considerably diluted with water and this is carefully added, a few drops a t a time, to the diluted skim-milk until a faint but distinct pinkish coloration appears. This can be more readily and accurately perceived by placing beside the flask another flask half full of uncolored, diluted skim-milk. The coloration must be as slight as possible and yet be appreciably distinct when compared w-ith uncolored milk. After the colorstandard has been prepared, the flask is stoppered and kept in a dark place when not in use. With some carmine colors, the pinkish shade in the milk may deepen on standing, especially when exposed to light. If a t any time this is observed, the proper shade can be reproduced by slight dilution with skim-milk. The object of using skim-milk in preparing a color-standard is to avoid the presence of fat, which, in case of whole milk, separates on standing, adheres to the sides of the flask and obscures the color.
( h ) U s e of Color-standard.-In neutralizing a sample of milk, the color-standard is placed beside the sample under examination for constant comparison after each addition of alkali. The flasks should be placed on a white surface and in a good light in order to render more sharp the observation of the coloration. In fresh milks, i t is usually found that 3 or 4 cc. of tenth-normal alkali are sufficient to neutralize the milk. I n cases where milk is not strictly fresh or where i t has been kept for some time with mercuric chlorid, usually from j to I O cc. may be required. After the milk begins to show signs of neutrality, the alkali is added a drop a t a time, the flask being shaken and the color being observed after each addition.
(3) Preczpitatznn o j Casean.
( a ) Addztzon of .4czd.-Into the neutralized sample of diluted milk, which should be a t a temperature of 18' C. to 24' C , one now runs tenth-normal acetic acid, adding the acid approximately in j cc. portions and agitating vigorously for a few seconds after each addition. It is usually safe to add about 25 cc. of acid before examining the milk to see if the casein is separating in the form of mhite flakes. After adding 25 cc. and shaking, the mixture is allowed to come to rest. If enough acid has been added, the casein separates promptly in large, white flakes, and, on standing a short time, the liquid above the settled casein appears clear and not a t all milky. If the addition of 2 5 cc. of acid is insufficient to separate the casein properly, add I cc. more of acid and shake; continue the addition of acid, I cc. a t a time, until the casein is observed to separate promptly and completely on standing at rest a short time, The number of cc. of acid used to affect precipitation is noted and this result is recorded as A.
( b ) Influence of Teir,fieratzwe.--For convenience and uniformity of results, the temperature of the mixture a t the time of the addition of acid may be between 1 8~ and 24' C. Under these conditions, we have found that in most of the milks with which we have worked, 30 cc. of tenth-normal acetic acid gives satisfactory results. I n some cases, especially with the milk of cows far along in lactation and high in casein (3.5 to 4 per cent.), we have had to use as high as 35 to 40 cc. of acid. We have seldom found any case in which 25 cc. of acid was excessive. The amount of acid may be 3 or 3 cc. in excess of that required to effect complete precipitation without seriously affecting the accuracy of the results, provided the temperature of the mixture is below 24O. At higher temperatures, good results are attainable, but care must be exercised not to use much excess of acid; and, of course, the higher the temperature, the less will be the amount of acid required for precipitation. Extra care must be used at higher temperatures in regard to the use of any marked excess of acid for the following reason : The higher the temperature, the more easily does casein dissolve in the presence of free acid,' the effect being to reduce the results of the determination in percentage of casein. In working a t temperatures under IS', the casein separates more slowly or requires more acid to separate promptly. In case of milk that is much below 18O, i t is well to use for dilution water that is a t a temperature of about 27'.
(4) Fzltratioiz of Casein.
After the casein is completely precipitated, water is added to the mixture up to the 2 0 0 cc. mark and the contents are vigorously shaken for IO or 15 seconds, in order to make the distribution of acid through the mixture as uniforni as possible. The contents of the flask are then poured upon a dry filter. It is well generally to allow the filtration to continue until practically all of the liquid has been filtered.
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( a ) Rabidity of Filtration.-The usual time of filtration should not exceed 3 to 5 minutes, when precipitation is complete. The rapidity depends upon the temperature of precipitation and the completeness of the separation of casein. I n general, the higher the temperature of the mixture when precipitated with acid, the more rapid should be the filtration, other conditions being uniform. I n case of insufficient acid, the filtration is slower.
( E ) APfiearance of Filtrate.--The filtrate should be quite clear, though this is not always a sure indication that the right amount of acid has been added to effect complete precipitation and release casein entirely from its combination. Sonietimes the filtrate may be clear when not quite enough acid has been added, in which case the percentage of casein found is a p t to be low; under such circumstances, filtration is usually slow. In case of milk rich in fat, a slight turbidity may appear, due to fat-globules in the filtrate. The filtrate should be free from all signs of marked turbidity or anything like milkiness. If such a filtrate appears, a new sample of milk should be taken and the operation repeated from the beginning, more acid being used than before.
( 5 ) Titration with Alkali.
After filtration is completed, one takes IOO cc. of the filtrate and runs into it tenth-normal solution of sodium hydroxide until the reaction is neutral to phenolphthalein, The number of cubic centimeters of alkali used is noted and this result is recorded as B. The exact neutral point is not perfectly sharp on account of the presence of phosphates, and the appearance of the end-reaction is not as pronounced as might be desired. However, with experience one should have no difficulty in getting within one drop of the correct amount of alkali. One should work to obtain the same shade and duration of color every time. I n general, one takes for the end-reaction the appearance of a faint but distinct pink coloration, which remains clearly marked through the solution for half a minute or longer before beginning to fade. In the case of milks rich in phosphates, the solution usually grows quite turbid as the neutral point is approached, making it more necessary to use caution in observing the color of the end-point of the reaction.
If one desires to make a second titration of the same filtrate, one can use 50 cc. of the remaining portion, multiplying the result by z and recording this as B.
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The calculation of the percentage of casein from ( a ) the amount of acid used (A) in precipitating the casein and ( E ) the amount of alkali used (B) in neutralizing IOO cc. of filtrate, is very simple. Divide A by 2 , from the result subtract B and multiply the result by 1.0964; or expressed as a formula, (A/2 --R) X 1.0964 = Per cent. of casein. Ry using 22 cc. of milk instead of 20 cc., the multiplication by the factor can be obviated, the formula then becoming simply A/z -. B, each cc. of tenth-normal solution being equivalent to I per cent. of casein.
(7) Use of Preservatives.
I n making casein determinations by this method, it is desirable when possible to use milk comparatively fresh. Milk that is sufficiently acid to coagulate on boiling or that is well soured can not be used with satisfactory results. However, by adding to fresh milk powdered mercuric chloride in the approximate proportion of I : 1000 or 1500, and then keeping the mixture in a cool place, we have been able to obtain satisfactory results with milk that had been kept for two to three weeks. Milk thus treated should be shaken often enough to keep the fat well incorporated in the body of the milk.
RESULTS ILLUSTRATING USE OF METHOD.
The data below represent the results obtained by three different workers in comparison with the "official" method. The samples of milk used were obtained from individual cows. It will be observed that results usually come within 0 . 2 per cent. of those obtained by the official method.
PERCENTAGES OF CASEIN IN MILKS AS DETERMINED BY DIFFERENT

WORKERS.
Volumetric It may be stated in this connection that the use of other acids (hydrochloric and sulphuric) and of other alkalis (hydroxides of barium and calcium) was applied to the method but did not give satisfactory results. In the Natthaiopoulos method, sulphuric acid is used. The especial advantage of dilute acetic acid, as compared with the other acids tried, lies in its smaller dissolving and adsorbing properties for casein.'
By this method the percentage of casein can be determined in a sample of milk in 12 to 15 minutes, when one has at hand the solutions and apparatus needed. With proper conveniences a dozen determinations can be made .in 4j to 60 minutes after one has acquired acquaintance with the operations of the method. In a recent botanical studyZ Warren has called attention to the entire absence of published data on the relation between the native legumes and the amount of nitrogen in virgin prairie soils. H e expresses the opinion that the amount of combined nitrogen added by rain and snow together with the amount of free nitrogen fixed by non-symbiotic bacteria ( ' d o not furnish a satisfactory explanation of the presence of such large quantities of nitrogen in the soil." His conclusions are based upon counts, made in 1908, of the leguminous plants on measured plots in prairie fields in different parts of Nebraska and adjoining states. I n the course of an investigation, the results of which are not yet published, we had in the preceding summer and autumn made a chemical study of the same question in the case of one of the prairie fields mentioned by Warren, from whom we have learned that his count was made on a n adjoining btit slightly lower portion of the gently sloping field. What data we have on the native leguminous plants, together with some of that on the soil, have been assembled for the present article. The removal of the junior author to the Montana Agricultural Experiment Station, a year ago, interrupted the continuation of the study.
The prairie referred to is in University Place, a suburb of Lincoln, and since 1889 has formed a 1 A~. them. J., sa, 409. part of the campus of the Nebraska Wesleyan University. Since that time the portion of it studied by both Warren and ourselves has been mown annually for hay; during the rest of the year it has been little visited except by children in search of wild flowers. Previous to 1889 it had formed part of a large pasture. This part of the field is typical of the virgin upland prairie of eastern Nebraska, as indicated by Warren's data obtained on July 2 , 1908.
On July 12 and 13, 1907, we measured off a plot 5 0 f t . by 50 ft. and from this gathered all the leguminous plants, cutting them a t the surface of the ground. The plants were exposed on the shelves of a storeroom until they were air-dry, and then weighed, ground and analyzed. From what we considered a representative square yard on this plot the non-leguminous plants were similarly gathered, dried, weighed and analyzed. TVe are indebted to Dr. F. D. Heald, both for assistaiice in the search for legumes and for the identification of the species. Soon after the plants had been gathered the prairie was mown for hay. There was so little aftergrowth of either legumes or grasses that it was not considered worth while to make a second collection, The growth of vegetation in 1907 may safely be considered representative of an average year. The aerial portion of the leguminous plants collected contained 8.56 lbs. of nitrogen per acre. The aftergrowth of legumes and the leguminous plants which may have died and disappeared before the date of collection might increase the total annual production of nitrogen in the aerial parts to I O lbs. per acre. It is not known what portion of the total nitrogen contained in leguminous plants is that which has been fixed by the symbiotic bacteria, and accordingly, we cannot estimate how much of the I O lbs. per acre has been derived from the nitrogen compounds in the soil. What little data we have on the growth of alfalfa.on Nebraska soils indicate that the nitrogen contained in the roots is about equal to that derived from the soil
